Larvae of the parasitic nematode Trichinella spiralis migrate via the bloodstream or the lymphatic system to the skeletal muscle cells where they induce multiple alterations in the intracellular environment leading to the formation of nurse cells. The "nurse cell-T. spiralis larva" complex is composed of a transformed fragment of a skeletal muscle cell and the wall of the larva. The pathological process responsible for the formation of this complex, known as basophilic transformation, is essential for the development of T. spiralis larvae, but it still not known how newborn larvae penetrate the transformed fragment of the muscle cell. In this study, we aimed to characterize the ultrastructure of the region of the nurse cell in direct contact with the larval wall, after one and two weeks of T. spiralis infection in mice. For this purpose, a transmission electron microscope fitted with a goniometer was used to make observations of samples tilted at an angle of ±40° relative to the axis of the electron beam. Examination of electron micrographs revealed the continuity of the nurse cell membrane adjacent to the larval surface and the presence of a large quantity of glycogen particles close to the inner surface of this membrane. Our results showed that death of the T. spiralis larvae was associated with destruction of the contact region between the larval wall and the adjacent surface of the nurse cell. We conclude that the T. spiralis larva does not penetrate the nurse cell, but a morphological "junction" is formed between the larval wall and the cell membrane.
The parasitic nematode Trichinella spiralis is the classical causative agent of trichinellosis, a widespread and serious human disease caused by consumption of raw or undercooked pork or game containing capsule-like cysts ("nurse cell-T. spiralis larva" complex). Worms emerging from these cysts in the stomach, mature in the mucosa of the small intestine, then mate and a week later larvae are released by the females. The larvae migrate via the bloodstream or the lymphatic system to striated skeletal muscle where they interact with muscle cells to initiate the process of encystment. This involves multiple alterations in the intracellular environment of muscle cells leading to the formation of nurse cells. According to Despommier, "the nurse cell-larva" complex represents a distinct unit among host tissues which is stable and can survive for extremely long periods: up to 30 years in humans and for the entire lifespan in most other mammalian species (Despommier 1983 (Despommier , 1998 . The "nurse cell-parasite" complex, composed of a transformed fragment of the skeletal muscle cell and the wall of the T. spiralis larva, is formed by a pathological process called basophilic transformation. This is thought to promote nesting, development and subsequent survival of the larva in the muscle, and is characterized by a series of alterations in the transformed nurse cell: sarcomere myofibrils disappear, the sarcoplasm becomes basophilic, and nuclear lesions develop which involve displacement of the nucleus to the center of the cell and an increase in the size of the nucleoli.
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The nuclei also appear to be enlarged and their karyoplasm becomes more electron-lucent (Gabryel et al. 1995 , Kociêcka 2000 . Ultrastructurally, an increased number of ribosomes, proliferation of rough and smooth endoplasmic reticulum, widening of T tubules, and greater numbers of mitochondria are observed (B³otna-Filipiak et al. 1998 , Matsuo et al. 2000 . The mechanisms responsible for the formation of the "nurse cell-larva" complex have been studied for a number of years, but it is still not known how a newborn T. spiralis larva enters and penetrates the transformed fragment of the muscle cell.
The aim of this study was to characterize the ultrastructure of the region of the nurse cell in direct contact with the T. spiralis larva. For this purpose, thirty BALB/c mice were used as a host for T. spiralis. The species of this nematode is maintained at the Stefañski Institute of Parasitology of the Polish Academy of Sciences in Warsaw. Each mouse was orally infected with 400 T. spiralis muscle larvae. At 6 and 12 days post-infection (DPI), mice were sacrificed and the fragments of diaphragms and intercostal muscles containing individually from 5 to 12 larvae, were obtained and processed for electron microscopy. The muscle samples were fixed with a mixture of 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for 20 hrs. Tissue sections were additionally postfixed in 1% OsO 4 and 0.8% K 4 FeCN 6 . After dehydration in ethanol and infiltration with propylene oxide, the samples were embedded in Spurr resin. Ultrathin sections (~ 50 nm) cut with a microtome were examined using a JEM 1200 EX transmission electron microscope (TEM). The region between the T. spiralis larva and the transformed fragment of the skeletal muscle cell was analyzed using a goniometer to tilt the samples to an angle of ±40° relative to the axis of the electron beam (Walski et al. 1995) .
Examination of electron micrographs confirmed changes in the altered fragment of the muscle cell that have been reported previously by ourselves and others (B³otna-Filipiak et al. 1998 , Matsuo et al. 2000 , Machnicka et al. 2002 , D¹brow-ska et al. 2004 . Two weeks post-infection, TEM images of the transformed fragment of mouse muscle cells infected with T. spiralis showed the loss of normal sarcomere structures and disorganization of contractile function. Actin and myosin filaments had started to disappear and the sarcolemmal membrane was separated from the contractile filaments in the early phase of trichinellosis (6-12 DPI). The extended smooth endoplasmic reticulum formed more or less a concentric system of membranes among which numerous mitochondria, free ribosomes and vesicles of different size and electron density. Several mitochondria were scattered among the channels of smooth endoplasmic reticulum (Fig. 1) . At high magnification we observed a bilayer membrane adjacent to the T. spiralis larval surface. However, at the electron microscopic level, this membrane resembled the typical "unit membrane": looking like a railroad track with two dense lines of about 2.5 nm in thickness, separated by a clear space (Lentz 1971) . On the inner surface of the muscle cell membrane a large quantity of glycogen particles was observed. Goniometric analysis confirmed the continuity of this "unit membrane" over the full- The surface of the larval epicuticle was covered in an osmophilic layer (Fig. 2a, b) . Our results also demonstrated that destruction of the contact region between the wall of the T. spiralis larva and the adjacent surface of the nurse cell, led to the death of larvae in the early (6-12 DPI) phase of T. spiralis infection (Fig. 3) . We conclude that the T. spiralis larvae do not penetrate the nurse cells, but appear to remain in the extracellular space. The surface of the cuticle of the T. spiralis larva and the "unit membrane" surrounding the nurse cell form a morphological "junction", which is essential for the survival of larvae in the host muscle tissue.
